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(57) ABSTRACT 

A computer based method and apparatus generate a class 
relationship diagram of dynamic language objects. In 
response to a user selecting a subject object implemented in 
the dynamic language, a diagramming member forms and 
displays a class relationship diagram of the Subject object The 
class relationship diagram visually illustrates relationships 
between the subject object and objects it inherits from and 
objects it contains as extracted from the inheritance chain of 
the subject object. UML or graph notation may be employed 
in the generated class relationship diagram. 
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COMPUTER METHOD AND APPARATUS 
FOR DEBUGGING IN A DYNAMIC 

COMPUTER LANGUAGE 

BACKGROUND 

0001. The use of JavaScript (trademark of Sun MicroSys 
tems) and AJAX (Asynchronous JavaScript and XML) tech 
niques to build rich internet (global computer network) appli 
cations is rapidly growing in popularity but is also growing in 
complexity. Briefly, JavaScript is an object-oriented Scripting 
language used to enable programmatic access to objects 
within applications (both server-side applications and client 
side applications such as Web Browsers and others). A com 
mon use of JavaScript is in the form of client-side JavaScript, 
implemented as an integrated component of the web browser, 
allowing the development of enhanced user interfaces and 
dynamic websites. JavaScript is a dialect of the ECMAScript 
standard and is characterized in the art as a dynamic, weakly 
typed, prototype-based language with first-class functions. 
0002 Generally, client-side JavaScript is used to write 
functions that (i) are embedded in or included from an HTML 
page/web page served from a Web Server to a Web Browser, 
and (ii) interact with the Document Object Model (DOM) of 
the page. Some simple examples of this usage are: 
0003 opening or popping up a new window with program 
matic control over the size, position, and other attributes of 
the new window (i.e. whether the menus, toolbars, etc. are 
visible); 
0004 validating web form input values to make sure that 
the values will be accepted before they are submitted to the 
server; and 
0005 changing images, such as important links displayed 
as graphical elements, as the cursor moves over them. 
0006 Because JavaScript code can run locally in a cli 
ents/user's browser (rather than on a remote server), it can 
respond to user actions quickly. This in turn produces the 
effect of making an application feel more responsive. Fur 
thermore, JavaScript code can detect user actions which 
HTML alone cannot, such as individual keystrokes. Various 
internet/global computer network applications take advan 
tage of this by having much of the user-interface logic written 
in JavaScript, and by having JavaScript dispatch requests for 
information to the server. The wider trend of Ajax program 
ming similarly exploits this strength. 
0007 So called “Ajax programming or AJAX is a group 
of web development techniques used on the client-side to 
create interactive web applications. AJAX enables web appli 
cations to retrieve data from the server asynchronously in the 
background without interfering with the display and behavior 
of the existing Web page. The use of AJAX techniques has led 
to an increase in interactive or dynamic interfaces on web 
pages and in Some cases better quality of Web services due to 
the asynchronous mode. Data is usually retrieved using the 
XMLHttpRequest object. Despite the name, the use of Java 
Script and XML together is not actually required, nor do the 
requests need to be asynchronous. 
0008. Initially, the target audience of JavaScript was web 
authors and other such “amateur” programmers. With the 
advent of AJAX, JavaScript has become one of the most 
popular programming languages on the Web even among 
professional programmers. The result has been a proliferation 
of comprehensive frameworks and libraries, improved Java 
Script programming practices, and increased usage of Java 
Script outside of the browser, as seen by the proliferation of 
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server-side JavaScript platforms. In turn, there is an increas 
ing demand for JavaScript debugging and debugger features. 
0009 Most web browsers provide some form of JavaS 
cript console and/or DOM inspector to view the DOM 
(Document Object Model) elements on a web page, CSS 
(Cascade Style Sheets) rules, and JavaScript objects as well as 
Some form of debugger to aid in stepping through JavaScript 
code. Due to the mostly anonymous nature of JavaScript 
objects, it is often difficult to visualize the relationships 
between objects at runtime. 
0010 For example, given a single level of inheritance: 

0011 function Node(name) this...name name: 
0012 ProxyNode-prototype.superclass=Node: 
0013 function ProxyNode(name, type) {this.super 
class(name); this.type-type: 

0014) function processNode(node) {//do something 
with node 

Assuming one creates eithera Node or ProxyNode and passes 
it to the processNode function, the best the JS debugger can 
do is show that the type of the node parameter is Object. It 
will show the member variables as well but one can only tell 
that the actual type of the object was Node or ProxyNode by 
looking at the code and seeing that the object one is examin 
ing in the debugger has a type member so therefore must be 
a ProxyNode. It is not obvious that ProxyNode inherits from 
Node in this and other examples. 

BRIEF SUMMARY 

0015 The present invention addresses the shortcomings 
of the prior art. The core idea of the present invention is to 
augment the functionality of a JavaScript debugger to allow 
one to select a given JavaScript object and generate a class 
relationship diagram (for example, using graph or UML Uni 
fied Modeling Language notation). The generated class rela 
tionship diagram shows visually the relationships between 
that object and objects it contains or inherits from. 
0016. According to one embodiment of the present inven 
tion, a computer method, apparatus or system comprises a 
diagram member diagramming class relationships of a Sub 
ject object in a dynamic programming/scripting language 
(e.g., JavaScript or other dynamic computer language). The 
diagramming member forms or draws a diagram illustrating 
class relationships of the Subject object. And a display unit 
outputs or otherwise renders the formed diagram to a user, for 
example in response to user request or command in a debug 
ger. 
0017. In one embodiment, the diagramming member 
forms or draws the diagram by: 
0018 traversing an inheritance chain (Prototype chain in 
JavaScript) of the subject object, 
0019 for each level in the inheritance chain, reading meth 
ods (and properties) of inherited objects, and 
0020 adding the read methods (and properties) to the sub 
ject object as dynamically generated. 
0021. In embodiments, the formed diagram visually 
shows, illustrates or otherwise represents, relationships 
between the subject object and objects it contains. The 
formed diagram may also visually show/illustrate relation 
ships between the subject object and objects it inherits from 
(e.g., parent objects). 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0022. The foregoing will be apparent from the following 
more particular description of example embodiments of the 
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invention, as illustrated in the accompanying drawings in 
which like reference characters refer to the same parts 
throughout the different views. The drawings are not neces 
sarily to Scale, emphasis instead being placed upon illustrat 
ing embodiments of the present invention. 
0023 FIG. 1 is a schematic view of a dynamic program 
ming/scripting language debugger embodying the present 
invention. 
0024 FIG. 2 is a flow diagram of the invention process or 
diagramming member for drawing (generating) a class rela 
tionship diagram of an object from a dynamic programming/ 
Scripting language (e.g. of a JavaScript Object). 
0025 FIG.3 is a schematic view of a computer network in 
which embodiments of the present invention operate. 
0026 FIG. 4 is a block diagram of a computer node in the 
network of FIG. 3. 
0027 FIGS. 5a-5c are schematic views of an example 
debugging session in one embodiment of the present inven 
tion, resulting in a UML relationship diagram of FIG. 5c. 

DETAILED DESCRIPTION 

0028 Embodiments of the present invention generate dia 
grams of class relationships of objects in dynamic computer 
languages (like JavaScript) where the class relationships can 
change at any instant during runtime. The use of JavaScript in 
the following description is for purposes of illustration and 
clarity in description and not limitation. 
0029. Typically, a dynamic computer language (e.g., pro 
gramming or Scripting language) may have the features of: 
dynamic typing, being object based, and run-time evaluation. 
With regard to dynamic typing as in mostScripting languages, 
types are associated with the values, not variables. For 
example, a variable x could be bound to a number, then later 
rebound to a string. JavaScript Supports various ways to test 
the type of an object. 
0030. With regard to being object based, JavaScript is 
almost entirely object-based. JavaScript objects are associa 
tive arrays, augmented with prototypes (see below). Object 
property names are string keys: ob.x=10 and ob'x'=10 are 
equivalent, the dot notation being a syntactic alternative. 
Properties and their values can be added, changed, or deleted 
at run-time. Most properties of an object (and those on its 
prototype inheritance chain) can be enumerated using a for. 
... in loop. JavaScript has a small number of built-in objects 
Such as Function and Date. 
0031. With regard to run-time evaluation, JavaScript 
includes an eval function that can execute statements pro 
vided as strings at run-time. 
0032. Further, as mentioned above, JavaScript functions 
are first-class; they are objects themselves. As such, these 
functions have properties and can be passed around and inter 
acted with like any other object. Inner functions (functions 
defined within other functions) are created each time the outer 
function is invoked and variables of the outer functions for 
that invocation continue to exist as long as the inner functions 
still exist, even after that invocation is finished (e.g. if the 
inner function was returned, it still has access to the outer 
function's variables). This is the mechanism behind closures 
within JavaScript. 
0033. With respect to being prototype-based, JavaScript 
uses prototypes instead of classes for inheritance. It is pos 
sible to simulate many class-based features with prototypes in 
JavaScript. In addition, functions double as object construc 
tors along with their typical role. Prefixing a function call 
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with new creates a new object and calls that function with its 
local this keyword bound to that object for that invocation. 
The constructor's prototype property determines the object 
used for the new object’s internal prototype. JavaScript's 
built-in constructors. Such as Array, also have prototypes that 
can be modified. 

0034. Unlike many object-oriented languages, there is no 
distinction between a function definition and a method defi 
nition. Rather, the distinction occurs during function calling; 
a function can be called as a method. When a function is 
called as a method of an object, the function's local this 
keyword is bound to that object for that invocation. Further, 
an indefinite number of parameters can be passed to a func 
tion. The function can access them through formal parameters 
and also through the local arguments object. 
0035) JavaScript typically relies on a run-time environ 
ment (e.g. in a web browser) to provide objects and methods 
by which scripts can interact with “the outside world' (i.e. 
outside of the browser). In fact, JavaScript relies on the envi 
ronment to provide the ability to include/import Scripts (e.g. 
HTML <script elements). For example, a JavaScript Web 
server exposes host objects representing an HTTP request and 
response objects. A JavaScript program (in the Web browser, 
for example) can then manipulate these objects to dynami 
cally generate one or more web pages. 
0036. A JavaScript debugger is a computer program used 
to test and debug target programs written in JavaScript. A 
JavaScript debugger and more generally debugger 21 
embodying the present invention is illustrated in FIG. 1. 
0037 Illustrated in FIG. 1 is a web site 13 hosted by at least 
one web server 60 and generally having one or more web 
pages 15. Typically, the contents of a web page 15 are written 
in a mark-up language (e.g., HTML), and the presentation 
semantics (i.e., web page layout, color, fonts and other dis 
play formatting) are written in style sheet language. Com 
monly, Cascading Style Sheets (CSS) is used to style web 
pages written in HTML and XHTML. 
0038 A web server 60 delivers (serves) web pages 15 
(HTML documents) and associated content (e.g., images, 
style sheets, Java Scripts) to client 50 in response to client 
user activity through a web browser 31. That is, based on 
client 50 user command/operation, the web browser 31 makes 
a request for a pertinent resource and the web server 60 
responds with the contents (HTML document, images, style 
sheet, JavaScripts) of that resource. 
0039. The client 50/web browser 31 and web server 60 
communicate requests and contents using the Hypertext 
Transfer Protocol (HTTP) or similar protocol. While a pri 
mary function of the web server 60 is to serve content, HTTP 
also allows the web server 60 to receive content from clients 
50. One example of this feature is when a client 50/user 
submits web forms and uploads files. Both the client 50 and 
the web server 60 use HTTP in this communication. 

0040. When the client 50/browser 31 requested content is 
so called “static', the web server 60 returns a fixed HTML 
document (among the other associated contents). Upon 
receipt of the fixed HTML document by the requesting 
browser 31, the Web browser 31 transforms the subject docu 
ment 15 from mark-up (HTML) to an interactive document 
and displays the resulting document according to the associ 
ated style sheet, DOM (Document Object Model) and mark 
up language instructions. Web browser 31 typically creates 
host objects for reflecting the DOM into JavaScript. Included 
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in the web browser 31 transforming the HTML, the web 
browser 31 interprets any JavaScript source code embedded 
in the HTML document 15. 
0041. When the browser 31 requested content is 
“dynamic’, the web server 60 executes a script to create the 
subject HTML document 15 on the fly. This is referred to as 
server-side scripting. Many web servers 60 support server 
side Scripting. 
0042. Since JavaScript is interpreted, loosely typed, and 
may be hosted in various environments, a programmer has to 
take extra care to make Sure the JavaScript code executes as 
expected in as wide of a range of circumstances as possible. 
Thus a debugger 21 is provided. 
0043 Generally speaking debugger 21 is a software tool 
which enables the programmer to monitor the execution of a 
program, such as web browser 31 and/or web server 60 
dynamic document generation. Using known/common tech 
nology, debugger 21 enables the programmer to stop the 
Subject program, restart it, set break points, change values in 
memory and go back in time. 
0044. After the test case is sufficiently simplified, a pro 
grammer can use debugger 21 to examine program states 
(values of variables, the call stack, etc.) and track down origin 
of a problem. Alternatively, “tracing can be used. In a simple 
case, tracing is a few print statements that output the values of 
variables at certain points of program execution. 
0.045 Example scripting language or dynamic computer 
language debuggers include MicroSoft Visual Studio and 
Firebug Debugger. Debugger 21 uses the common techniques 
used in these debuggers for the basic operations of logging 
and evaluating JavaScript and logging CSS errors and warn 
1ngS. 
0046. In addition, the present invention debugger 21 gen 
erates class relationship diagrams of dynamic language (e.g., 
JavaScript) objects as follows: 
0047 1. Given a web page 15 formed of JavaScript (or 
other dynamic computer language), the user/programmer 
selects an element on the web page backed by a JavaScript 
object to inspect. This selection is accomplished through the 
user interface or console of debugger 21 similar to that of the 
above mentioned JavaScript Debuggers. 
0048 2. The debugger 21 walks the Prototype chain 
(traverses the inheritance chain generally) of the selected/ 
corresponding object and generates and displays a graph or 
UML diagram. The graph or diagram is preferably generated 
using the process or diagramming member 33 of FIG. 2 
detailed later. 
0049. 3. The diagram shows (illustrates or otherwise rep 
resents) the methods and properties of related classes of the 
Subject object including: 

0050 a. The class being inspected. 
0051 b. Any classes that are referenced in the first 
class's member variables. 

0.052 c. Any class from which the first class inherits. 
0053 d. The relationship between classes referenced by 
the member variables and other classes, recursively to 
Some depth. 

0054 Illustrated in FIG. 2 is a preferred process (diagram 
ming member) 33 of generating the class relationship dia 
grams of the present invention. The process begins in 
response to user selection of a Subject object and request/ 
command for diagramming class relationships of the Subject 
object. In step 23, the diagramming member 33 initializes the 
diagramming process including initializing appropriate data 

Jun. 9, 2011 

structure and memory file(s) for Supporting a diagram of class 
relationships for the subject object. 
0055. Next in step 25, the inheritance chain of the subject 
object is traversed. In particular, the Prototype chain of the 
subject JavaScript object is traversed. For each level of the 
prototype chain/inherited object in the chain, step 27 reads the 
methods and properties of that inherited object and adds those 
methods/properties to the diagram of the Subject object class 
relationships. That is, step 27 stores respective indications 
and read data in the diagramming data structure/memory 
files. Similarly, step 27 identifies classes that are referenced in 
the first classes member variable, any class from which the 
first class inherits and relationships between the referenced 
classes and other classes. The loop of steps 27, 28 and 29 
recurse for the different levels of inherited objects in the 
inheritance chain of the subject object. 
0056. After each level and inherited object in the inherit 
ance chain has been read by step 27, step 20 forms the dia 
gram of class relationships of the Subject object. In particular, 
the stored data in the diagramming data structure/memory 
files are used to draw, in graph notation or UML notation or 
other modeling language, a formal diagram of the class rela 
tionships. In this way, the formed diagram visually illustrates 
relationships between the subject object and objects it con 
tains as well as between the subject object and objects it 
inherits from. On output, diagramming member 33 generates 
and displays the formed diagram of class relationships for a 
Subject object. 

Exemplification 

0057 With reference to FIGS. 5a-5c, an example debug 
ging session in one embodiment of the present invention is 
provided by way of illustration and not limitation. 
0058. The example HTML code of FIG.5a (left handside) 
displays an HTML button in a web page. When the subject 
page loads, the included or otherwise associated JavaScript 
code wraps that button element and adds functionality to it. 
With the added functionality, when an end-user clicks on the 
button, the Subject page displays the number of times the 
button has been clicked. It can be difficult (sometimes) to tell 
exactly what this (the supporting JavaScript object) 141 is 
when looking at the JavaScript code (left hand side of FIGS. 
5a, 5b). If one looks there at the CountButton code 143, one 
sees it does not define a handleEvent method and yet we are 
going to add the CountButton object as an event handler for 
mouse clicks to the button element on the Subject page. The 
extends function at 145 did just that although no Listener 
object that defines the handleEvent method was ever formally 
created. 
0059. After end-user clicking on the subject page dis 
played button, the handleEvent method gets called, but the 
debugger 21 in FIG. 5b (right hand side) is showing that the 
JavaScript code is stepping through the Listener object (that 
does not formally exist). If one looks at the properties of 
object this (at 141 in FIG.5b), one might be able to tell that 
object this is not an instance of a Listener but rather an 
instance of CountButton. But notice also that Listener's 
handleEvent method is going to call doClick and likewise it 
does not define a 'doClick method. 
0060. If one right clicks on object this' at 141 in FIGS.5a, 
5b and chooses class diagram, debugger 21 generates and 
displays the corresponding UML or some similar class rela 
tionship diagram 47 of FIG. 5c. Example diagram 47 shows 
object this 141 is a CountButton and CountButton inherits 
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the handleEvent method from the Listener prototype and also 
contains a reference to an HTML button. 
0061. With reference now to FIG.3 illustrates a computer 
network or similar digital processing environment in which 
the present invention may be implemented. 
0062 Client computer(s)/devices 50 and server computer 
(s) 60 provide processing, storage, and input/output devices 
executing application programs and the like. Client computer 
(s)/devices 50 can also be linked through communications 
network 70 to other computing devices, including other client 
devices/processes 50 and server computer(s) 60. Communi 
cations network 70 can be part of a remote access network, a 
global network (e.g., the Internet), a worldwide collection of 
computers, Local area or Wide area networks, and gateways 
that currently use respective protocols (TCP/IP. Bluetooth, 
etc.) to communicate with one another. Other electronic 
device/computer network architectures are suitable. 
0063 FIG. 4 is a diagram of the internal structure of a 
computer (e.g., client processor/device 50 or server comput 
ers 60) in the computer system of FIG. 3. Each computer 50. 
60 contains system bus 79, where a bus is a set of hardware 
lines used for data transfer among the components of a com 
puter or processing system. Bus 79 is essentially a shared 
conduit that connects different elements of a computer sys 
tem (e.g., processor, disk storage, memory, input/output 
ports, network ports, etc.) that enables the transfer of infor 
mation between the elements. Attached to system bus 79 is 
I/O device interface 82 for connecting various input and out 
put devices (e.g., keyboard, mouse, displays, printers, speak 
ers, etc.) to the computer 50, 60. Network interface 86 allows 
the computer to connect to various other devices attached to a 
network (e.g., network 70 of FIG. 3). Memory 90 provides 
volatile storage for computer software instructions 92 and 
data 94 used to implement an embodiment of the present 
invention (e.g., diagramming member 33, debugger 21, and 
supporting code detailed above). Disk storage 95 provides 
non-volatile storage for computer software instructions 92 
and data 94 used to implement an embodiment of the present 
invention. Central processor unit 84 is also attached to system 
bus 79 and provides for the execution of computer instruc 
tions. 

0064. In one embodiment, the processor routines 92 and 
data 94 are a computer program product (generally refer 
enced 92), including a computer readable medium (e.g., a 
removable storage medium such as one or more DVD 
ROM's, CD-ROM's, diskettes, tapes, etc.) that provides at 
least a portion of the software instructions for the invention 
system. Computer program product 92 can be installed by any 
Suitable software installation procedure, as is well known in 
the art. In another embodiment, at least a portion of the 
Software instructions may also be downloaded over a cable, 
communication and/or wireless connection. In other embodi 
ments, the invention programs area computer program propa 
gated signal product 107 embodied on a propagated signal on 
a propagation medium (e.g., a radio wave, an infrared wave, 
a laser wave, a sound wave, or an electrical wave propagated 
over a global network such as the Internet, or other network 
(s)). Such carrier medium or signals provide at least a portion 
of the software instructions for the present invention routines/ 
program 92. 
0065. In alternate embodiments, the propagated signal is 
an analog carrier wave or digital signal carried on the propa 
gated medium. For example, the propagated signal may be a 
digitized signal propagated over a global network (e.g., the 
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Internet), a telecommunications network, or other network. In 
one embodiment, the propagated signal is a signal that is 
transmitted over the propagation medium over a period of 
time. Such as the instructions for a Software application sent in 
packets over a network over a period of milliseconds, sec 
onds, minutes, or longer. In another embodiment, the com 
puter readable medium of computer program product 92 is a 
propagation medium that the computer system 50 may 
receive and read, Such as by receiving the propagation 
medium and identifying a propagated signal embodied in the 
propagation medium, as described above for computer pro 
gram propagated signal product. 
0.066 Generally speaking, the term “carrier medium' or 
transient carrier encompasses the foregoing transient signals, 
propagated signals, propagated medium, Storage medium and 
the like. 
0067. As will be appreciated by one skilled in the art, 
aspects of the present invention may be embodied as a system, 
method or computer program product. Accordingly, aspects 
of the present invention may take the form of an entirely 
hardware embodiment, an entirely software embodiment (in 
cluding firmware, resident software, micro-code, etc.) or an 
embodiment combining software and hardware aspects that 
may all generally be referred to herein as a “circuit,” “mod 
ule' or “system.” Furthermore, aspects of the present inven 
tion may take the form of a computer program product 
embodied in one or more computer readable medium(s) hav 
ing computer readable program code embodied thereon. 
0068 Any combination of one or more computer readable 
medium(s) may be utilized. The computer readable medium 
may be a computer readable signal medium or a computer 
readable storage medium. A computer readable storage 
medium may be, for example, but not limited to, an elec 
tronic, magnetic, optical, electromagnetic, infrared, or semi 
conductor System, apparatus, or device, or any suitable com 
bination of the foregoing. More specific examples (a non 
exhaustive list) of the computer readable storage medium 
would include the following: an electrical connection having 
one or more wires, a portable computer diskette, a hard disk, 
a random access memory (RAM), a read-only memory 
(ROM), an erasable programmable read-only memory 
(EPROM or Flash memory), an optical fiber, a portable com 
pact disc read-only memory (CD-ROM), an optical storage 
device, a magnetic storage device, or any suitable combina 
tion of the foregoing. In the context of this document, a 
computer readable storage medium may be any tangible 
medium that can contain, or store a program for use by or in 
connection with an instruction execution system, apparatus, 
or device. 
0069. A computer readable signal medium may include a 
propagated data signal with computer readable program code 
embodied therein, for example, in baseband or as part of a 
carrier wave. Such a propagated signal may take any of a 
variety of forms, including, but not limited to, electro-mag 
netic, optical, or any Suitable combination thereof. A com 
puter readable signal medium may be any computer readable 
medium that is not a computer readable storage medium and 
that can communicate, propagate, or transport a program for 
use by or in connection with an instruction execution system, 
apparatus, or device. 
0070 Program code embodied on a computer readable 
medium may be transmitted using any appropriate medium, 
including but not limited to wireless, wireline, optical fiber 
cable, RF, etc., or any Suitable combination of the foregoing. 
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0071 Computer program code for carrying out operations 
for aspects of the present invention may be written in any 
combination of one or more programming languages, includ 
ing an object oriented programming language such as Java, 
Smalltalk, C++ or the like and conventional procedural pro 
gramming languages, such as the “C” programming language 
or similar programming languages. The program code may 
execute entirely on the user's computer, partly on the user's 
computer, as a stand-alone software package, partly on the 
user's computer and partly on a remote computer or entirely 
on the remote computer or server. In the latter scenario, the 
remote computer may be connected to the user's computer 
through any type of network, including a local area network 
(LAN) or a wide area network (WAN), or the connection may 
be made to an external computer (for example, through the 
Internet using an Internet Service Provider). 
0072 Aspects of the present invention are described above 
with reference to flowchart illustrations and/or block dia 
grams of methods, apparatus (systems) and computer pro 
gram products according to embodiments of the invention. It 
will be understood that each block of the flowchart illustra 
tions and/or block diagrams, and combinations of blocks in 
the flowchart illustrations and/or block diagrams, can be 
implemented by computer program instructions. These com 
puter program instructions may be provided to a processor of 
a general purpose computer, special purpose computer, or 
other programmable data processing apparatus to produce a 
machine, such that the instructions, which execute via the 
processor of the computer or other programmable data pro 
cessing apparatus, create means for implementing the func 
tions/acts specified in the flowchart and/or block diagram 
block or blocks. 
0073. These computer program instructions may also be 
stored in a computer readable medium that can direct a com 
puter, other programmable data processing apparatus, or 
other devices to function in a particular manner, Such that the 
instructions stored in the computer readable medium produce 
an article of manufacture including instructions which imple 
ment the function/act specified in the flowchart and/or block 
diagram block or blocks. 
0074 The computer program instructions may also be 
loaded onto a computer, other programmable data processing 
apparatus, or other devices to cause a series of operational 
steps to be performed on the computer, other programmable 
apparatus or other devices to produce a computer imple 
mented process Such that the instructions which execute on 
the computer or other programmable apparatus provide pro 
cesses for implementing the functions/acts specified in the 
flowchart and/or block diagram block or blocks. 
0075. The flowchart and block diagrams in the Figures 
illustrate the architecture, functionality, and operation of pos 
sible implementations of systems, methods and computer 
program products according to various embodiments of the 
present invention. In this regard, each block in the flowchart 
or block diagrams may represent a module, segment, or por 
tion of code, which comprises one or more executable 
instructions for implementing the specified logical function 
(s). It should also be noted that, in some alternative imple 
mentations, the functions noted in the block may occur out of 
the order noted in the figures. For example, two blocks shown 
in Succession may, in fact, be executed Substantially concur 
rently, or the blocks may sometimes be executed in the reverse 
order, depending upon the functionality involved. It will also 
be noted that each block of the block diagrams and/or flow 
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chart illustration, and combinations of blocks in the block 
diagrams and/or flowchart illustration, can be implemented 
by special purpose hardware-based systems that perform the 
specified functions or acts, or combinations of special pur 
pose hardware and computer instructions. 
0076. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. As used herein, the singular 
forms “a”, “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “comprises' and/ 
or “comprising, when used in this specification, specify the 
presence of stated features, integers, steps, operations, ele 
ments, and/or components, but do not preclude the presence 
or addition of one or more other features, integers, steps, 
operations, elements, components, and/or groups thereof. 
0077. The corresponding structures, materials, acts, and 
equivalents of all means or step plus function elements in the 
claims below are intended to include any structure, material, 
or act for performing the function in combination with other 
claimed elements as specifically claimed. The description of 
the present invention has been presented for purposes of 
illustration and description, but is not intended to be exhaus 
tive or limited to the invention in the form disclosed. Many 
modifications and variations will be apparent to those of 
ordinary skill in the art without departing from the scope and 
spirit of the invention. The embodiment was chosen and 
described in order to best explain the principles of the inven 
tion and the practical application, and to enable others of 
ordinary skill in the art to understand the invention for various 
embodiments with various modifications as are suited to the 
particular use contemplated. 
What is claimed is: 
1. A computer implemented method of debugging a 

dynamic computer language, comprising: 
forming a diagram illustrating class relationship of a Sub 

ject object in a dynamic computer language, resulting in 
effectively diagramming class relationships of the Sub 
ject object; and 

displaying as output to a user, the formed diagram. 
2. A method as claimed in claim 1 wherein the step of 

forming a diagram includes drawing the diagram using mod 
eling language like notation. 

3. A method as claimed in claim 1 wherein the step of 
forming a diagram includes drawing the diagram using graph 
notation. 

4. A method as claimed in claim 1 wherein the diagram 
ming of class relationships is in response to user request or 
command. 

5. A method as claimed in claim 1 wherein the step of 
forming a diagram includes: 

traversing an inheritance chain of the Subject object, 
for each level in the inheritance chain, reading methods of 

inherited objects, and 
adding the read methods to the Subject object as dynami 

cally generated. 
6. A method as claimed in claim 1 wherein the dynamic 

computer language is JavaScript. 
7. A method as claimed in claim 6 wherein the steps of 

forming a diagram and displaying the formed diagram are 
implemented by a JavaScript debugger. 

8. A method as claimed in claim 1 wherein the formed 
diagram visually shows relationships between the Subject 
object and objects it contains. 
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9. A method as claimed in claim 8 wherein the formed 
diagram visually shows relationships between the Subject 
object and objects it inherits from. 

10. A computer debugging system comprising: 
a diagramming member configured to form a diagram 

illustrating class relationship of a Subject object from a 
dynamic computer language, the diagramming member 
effectively diagramming class relationships of the Sub 
ject objects; and 

a display unit displaying as output to a user the formed 
diagram. 

11. A computer system as claimed in claim 10 wherein the 
diagramming member forms the diagram by drawing the 
diagram using modeling language notation. 

12. A computer system as claimed in claim 10 wherein the 
diagramming member forms the diagram by drawing the 
diagram using graph notation. 

13. A computer system as claimed in claim 10 wherein the 
diagramming member effectively diagramming class rela 
tionships of the Subject object is in response to user request or 
command. 

14. A computer system as claimed in claim 10 wherein the 
diagramming member forms the diagram by: 

traversing an inheritance chain of the Subject object, 
for each level in the inheritance chain, reading methods of 

inherited objects, and 
adding the read methods to the Subject object as dynami 

cally generated. 
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15. A computer system as claimed in claim 10 wherein the 
dynamic computer language is JavaScript. 

16. A computer system as claimed in claim 15 wherein the 
diagramming member is implemented by a Java Script 
debugger. 

17. A computer system as claimed in claim 10 wherein the 
formed diagram visually shows relationships between the 
Subject object and objects it contains. 

18. A computer system as claimed in claim 17 wherein the 
formed diagram visually shows relationships between the 
subject object and objects it inherits from. 

19. A computer program product for debugging in a 
dynamic programming language, the computer program 
product comprising: 

a computer readable storage medium having computer 
readable program code embodied therewith, the com 
puter readable program code comprising: 

computer readable program code configured to respon 
sively diagram class relationships of a Subject object 
implemented in a dynamic language, resulting in a class 
relationship diagram of the Subject object; and 

computer readable program code configured to generate 
and display as output to a user the class relationship 
diagram of the Subject object. 

20. Computer program product as claimed in claim 19 
wherein the dynamic language is JavaScript and the computer 
program product is included in a JavaScript debugger. 
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